Carnitine palmitoyltransferase II (CPT II) deficiency is a rare inherited disorder related to recurrent episodes of rhabdomyolysis. The adult myopathic form of CPT II deficiency is relatively benign and difficult to diagnose. The point mutation S113L in CPT2 is very common in Caucasian patients, whereas F383Y is the most common mutation among Japanese patients. We herein present a case of CPT II deficiency in a Japanese patient homozygous for the missense mutation S113L. The patient showed a decreased frequency of rhabdomyolysis recurrence after the administration of a diet containing medium-chain triglyceride oil and supplementation with carnitine and bezafibrate.
Introduction
Recurrent rhabdomyolysis is a fatal syndrome related to metabolic disorders. Carnitine palmitoyltransferase II (CPT II) deficiency is a rare inherited disorder associated with mitochondrial fatty acid oxidation. CPT II deficiency has several clinical presentations: a lethal neonatal form, severe infantile hepatocardiomuscular form, and myopathic form. The myopathic form is associated with myoglobinuria and it is reported to be most frequent among the causes of hereditary myoglobinuria. The point mutation S113L (p.S113L) in CPT2 is a major mutation among Caucasian patients with CPT II deficiency, with a reported frequency of 60%. However, in Japanese patients with CPT II deficiency, the point mutation F383Y is most common. We herein present the first Japanese case of CPT II deficiency with the homozygous point mutation p.S113L in a patient admitted to our hospital for rhabdomyolysis after pneumonia. Our case confirms that the p.S113L mutation clearly exists in Japanese patients. In addition, it suggests the potential effectiveness of combination therapy with a specific diet strategy and supplementation with carnitine and bezafibrate.
Case Report
A 46-year-old man was admitted to our hospital with a history of recurrent rhabdomyolysis and myoglobinuria, which had repeatedly occurred following infection or exercise since he was 14 years of age. He had been admitted to a different hospital for severe rhabdomyolysis with an infection two years previously. Furthermore, the patient had been experiencing episodes of myoglobinuria after exercise or infection several times a year. He had no similar disease, and there was no history of consanguineous marriage in his family. To the best of his knowledge, he was not of Caucasian descent. However, there was a history of sudden infant death syndrome in a nephew.
The patient developed a fever followed by acute deterioration of dyspnea and was thus admitted to our hospital. Upon presentation, his body temperature was 37 , and his blood pressure was 240/178 mmHg. A physical examination revealed coarse crackling in bilateral lung fields and myoglobinuria. A neurological examination revealed proximal motor weakness of the limbs accompanied by myalgia. No muscle cramp was apparent. A blood test on the day of admission showed markedly elevated levels of creatine kinase (CK), up to 15,763 IU/L, and myoglobin, up to 15,000 ng/ mL. The C-reactive protein level was 12.4 mg/dL, and the white blood cell count was elevated to 13,500/mm 3 . A urinalysis showed elevated myoglobin, at 4,270 ng/mL. The serum creatinine and urea levels were 0.7 mg/dL and 12.1 mg/ dL, respectively. An arterial blood gas analysis showed acidemia (pH 7.238) and increased PaCO2 (52.1 mmHg), while PaO2 was 99.8 mmHg, indicating respiratory acidosis. Computed tomography of the lungs showed consolidation of the right lung field. Due to hypoxia and hypercapnia, the patient required mechanical ventilation for 12 days. Intensive care with broad-spectrum antibiotic therapy was administered, and the symptoms improved without acute renal failure. The CK levels decreased gradually, and normalized on day 16. He was discharged in good health 20 days after admission.
Electromyography performed at 16 days after admission was normal, and a muscle biopsy performed on the previous admission was normal, as determined with histochemical staining. The anaerobic and aerobic exercise test results were normal. An acylcarnitine analysis by tandem mass spectrometry of a serum sample collected 10 days after admission showed elevated levels of long-chain acylcarnitines (C16 was elevated to 0.55 μM and C18:1 was 0.59 μM). An in vitro probe assay of skin fibroblasts with palmitic acid as the substrate showed an accumulation of palmitoylcarnitine, leading to a suspected diagnosis of CPT II or carnitine acylcarnitine translocase deficiency. The enzymatic activity of CPT II at 30 decreased to 0.050 nmol·min -1 ·mg -1
, representing a 16% reduction compared with the normal control level (0.310 nmol·min -1 ·mg -1 ). A genetic analysis of CPT2 revealed a homozygous point mutation of c.338C>T (p.S113L) (Figure) . According to these findings, a diagnosis of adult muscular form of CPT II deficiency was made.
The patient was administered a diet that involved substitution of medium-chain triglyceride (MCT) oil for long-chain fats with an increased carbohydrate intake. Moreover, he was given L-carnitine supplementation with levocarnitine chloride at 2,400 mg/day and bezafibrate at 400 mg/day. Since receiving the combination therapy with the diet strategy, including supplementation therapy and medication, no severe rhabdomyolysis has occurred for two years. Before the combination therapy, the patient had suffering from recurrent mild myoglobinuria, especially after performing hard work, and mild upper respiratory tract infections at least once every several months. Compared to the pretreatment condition, although myoglobinuria is still present, the frequency decreased by 50% after the administration of combined therapy.
Discussion
We herein presented the first Japanese case of CPT II deficiency with a homozygous p.S113L mutation involving recurrent episodes of rhabdomyolysis. CPT II deficiency remains difficult to diagnose, and the acylcarnitine analyses via tandem mass spectrometry had a major impact on our diagnosis. CPT II deficiency is divided into three clinical forms: infantile, neonatal, and adult. The adult form has a relatively benign course and presents as a history of recurrent rhabdomyolysis triggered by exercise or infection. Rettinger et al. reported the importance of an acylcarnitine analysis by tandem mass spectrometry to resolve difficult-todiagnose cases (1) .
The p.S113L mutation of CPT2 is a major mutation in the Caucasian population. Joshi et al. reported that the p.S113L mutation was detected in at least one allele in 95% of Caucasian patients and 60% of these patients were homozygous for this mutation (2). However, Yasuno et al. reported that the major mutation in Japanese patients with CPT II deficiency was the point mutation F383Y (3). A Japanese case of CPT II deficiency with the compound heterozygous mutation p.C445R and p.S113L was reported by Matsumoto et al., revealing the former as a novel mutation (4). Our study represents the first Japanese case of a homozygous p.S113L mutation with CPT II deficiency. This mutation affects the structure of CPT II and reduces its enzymatic activity. Accordingly, the CPT II enzymatic activity of our patient markedly decreased to 16% of the normal control level, which confirmed that the homozygous p.S113L mutation does indeed affect the enzymatic activity, even in Japanese patients. Thus, our case confirms the existence of the p.S113L mutation in Japanese patients.
The mutation p.S113L in CPT2 was registered in dbSNP142 database, with a minor allele frequency below 1%, whereas the Human Genetic Variation Database, which shows genetic variations determined by exome sequencing of 1,208 Japanese people, does not contain the p.S113L mutation. Therefore, the frequency of this mutation appears to be low in the Japanese population.
Furthermore, the clinical course of this case suggests the potential effectiveness of combination therapy with MCT and supplementation with carnitine and bezafibrate. Several reports have suggested the effectiveness of different treat-ments for CPT II deficiency management. Roe et al. reported the effectiveness of MCT in decreasing the frequency of rhabdomyolysis (5) . Furthermore, Hori et al. reported the effectiveness of supplementation with L-carnitine for reducing the frequency of rhabdomyolysis episodes, although this strategy remains controversial (6) . With respect to medication therapy, Bonnefont et al. reported that bezafibrate increased the enzymatic activity of CPT II in patients with CPT II deficiency over a long-term follow-up (7). Moreover, Yasuno et al. demonstrated an increased enzymatic activity following bezafibrate treatment in human induced pluripotent stem cell-derived myocytes obtained from a Japanese patient with CPT II deficiency (8) . In contrast, Ørngreen et al. found no significant improvement of bezafibrate treatment in a randomized clinical trial of patients with CPT II deficiency and very long-chain acyl-CoA dehydrogenase deficiencies, which put into question the effectiveness of bezafibrate in vitro and in vivo (9) . However, the general effectiveness of combination therapy similar to that applied in our case remains to be determined. Our patient showed a good clinical course with combination therapy, and ultimately experienced relief from severe and recurrent rhabdomyolysis. MCT supplementation decreases the oxidation of glucose, rather than increasing the oxidation of mediumchain fats, which may have contributed to maintaining the basic condition. Carnitine supplementation, which is reported to induce acylcarnitine production in various tissues (10), and bezafibrate, which is reported to increase the CPT II enzymatic activity, may help to improve metabolism. Thus, we speculate that the maintenance and increased CPT II activity resulting from combined therapy contributed to the good clinical course observed in our case. However, in order to prove the effectiveness of this treatment, a greater accumulation of studies involving combination therapies is required.
In conclusion, our case revealed that the p.S113L mutation of CPT2 clearly exists in the Japanese population, and further research is required to reveal the clinical course and effectiveness of treatments, especially combination therapies, for Japanese patients with this mutation.
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